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ABSTRACT

A sampling probe for enabling the analysis of gaseous species
in a particle-laden flue gas. The sampling probe includes a
tube for being inserted into a fluid stream of a particle-laden
flue gas Substantially perpendicular thereto to cause the fluid
stream to separate and flow around the tube. The tube includes
a first opening extending along a first axially extending face
of the tube downstream relative to the fluid stream such that a

portion of the gas enters the tube through the first opening for
analysis within the tube, and a second opening extending
along a secondaxially extending face of the tube Such that the
gas that enters the tube through the first opening exits the tube
after analysis into the fluid stream through the second open
ing to allow analysis of the gas.
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SAMPLING PROBE ENABLING THE
MEASUREMENT OF GASEOUS SPECIES IN
PARTICLE-LADEN FLUE GAS
TECHNICAL FIELD AND BACKGROUND OF
THE INVENTION
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extending face in a staggered relation to the second opening
on the second axially extending face.
0010. According to another preferred embodiment of the
invention, the sampling probe further includes a fourth open
ing extending along the first axially extending face and Sub
stantially parallel to the first opening to allow gas to enter the
tube.

0001. The present invention relates to the field of gas
analysis. In particular, the invention relates to a sampling
probe that enables the measurement of gaseous species in a
particle-laden flue gas.
0002 The continuous measurement of gaseous species in
fossil fuel fired boilers is beneficial to the timely control of the
combustion process, as well as ancillary pollution reduction
technologies. Typically, optical measurement techniques are
employed when conducting measurements of gaseous spe
cies. However, combustion of fuels containing ash, Such as
coal, results in particle-laden flue gas that scatters transmitted
energy from an optical measurement device, thereby mini
mizing the potential measurement distance. In many applica
tions, such as in ductwork on coal-fired utility boilers with
dimensions greater than 15 feet, the utilization of optical
measurement techniques and devices becomes impractical.
0003. Accordingly, there is a need for a sampling probe
that minimizes the influence of ash particles on optical mea
Surement devices, and enables the measurement of gaseous
species over an extended path length using optical measure
ment techniques.
SUMMARY OF THE INVENTION

0011. According to another preferred embodiment of the
invention, the first opening and the fourth opening are posi
tioned on the first axially extending face in staggered relation
to each other.

0012. According to another preferred embodiment of the
invention, a sampling probe for analyzing a gas in a fluid
stream includes a first row of slots extending along a first
axially extending face of the sampling probe, a second row of
slots extending along a second axially extending face of the
sampling probe and Substantially perpendicular to the first
row of slots, and a third row of slots extending along a third
axially extending face of the sampling probe and Substantially
perpendicular to the first row of slots and diametrically
aligned with the second row of slots. The first, second, and
third rows of slots are positioned such that when the sampling
probe is positioned in the fluid stream, the gas strikes an
axially extending face of the sampling probe opposite the first
row of slots. This causes particles in the gas to be separated
from the gas and a portion of the gas to enter the sampling
probe through the first row of slots for analysis.
0013. According to another preferred embodiment of the
invention, the second and third rows of slots are arranged to
allow the gas to exit the sampling probe and into the fluid
Stream.

0004. Therefore it is an object of the invention to provide
a sampling probe that may be inserted into a flue gas section
of a boiler.

0005. It is another object of the invention to provide a
sampling probe that allows flue gas to enteran interior Volume
of the sampling probe while minimizing the number of par
ticles entering.
0006. It is another object of the invention to provide a
sampling probe that allows the use of optical measurement
techniques to measure/analyze the gaseous species of the flue
gas over extended path lengths.
0007. These and other objects of the present invention are
achieved in the preferred embodiments disclosed below by
providing a sampling probe for analyzing a gas in a fluid
stream including a tube for being inserted into the fluid stream
substantially perpendicular thereto to cause the fluid stream
to separate and flow around the tube. The tube includes a first
opening extending along a first axially extending face of the
tube downstream relative to the fluid stream such that a por
tion of the gas enters the tube through the first opening for
analysis within the tube, and a second opening extending
along a secondaxially extending face of the tube Such that the
gas that enters the tube through the first opening exits the tube
after analysis into the fluid stream through the second open
1ng.

0008 According to another preferred embodiment of the
invention, the sampling probe further includes a third opening
extending along a third axially extending face of the tube and
aligned with the second opening to allow gas that enters the
tube through the first opening to exit into the fluid stream
through the third opening.
0009. According to another preferred embodiment of the
invention, the third opening is positioned on the third axially

0014. According to another preferred embodiment of the
invention, the sampling probe further includes a fourth row of
slots extending along the first axially extending face and
substantially parallel to the first row of slots to allow gas to
enter the sampling probe.
0015. According to another preferred embodiment of the
invention, the first row of slots and fourth row of slots are

staggered in relation to each other.
0016. According to another preferred embodiment of the
invention, the second row of slots and the third row of slots are

staggered in relation to each other.
0017. According to another preferred embodiment of the
invention, the slots in the first row are separated by a distance
Substantially equal to a length of a respective slot in the first
OW.

0018. According to another preferred embodiment of the
invention, at least one end of the sampling probe extends
through an opening in a wall of the duct to position the
sampling probe transverse to the fluid stream.
0019. According to another preferred embodiment of the
invention, the sampling system further includes optics
mounted external to the duct to allow an optical beam to
analyze the gas entering the sampling probe.
0020. According to another preferred embodiment of the
invention, the sampling system further including Supports for
Supporting the sampling probe within the duct such that
deflection in the sampling probe is minimized.
0021. According to another preferred embodiment of the
invention, a method of analyzing a fluid stream of gas
includes the steps of providing a tube having a first opening
extending along a first axially extending face and a second
opening extending along a second axially extending face;
positioning the tube in the fluid stream; and allowing the gas
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to enter the tube through the first opening and exit the tube
through the second opening. The method further includes the
step of analyzing the gas in the tube.
0022. According to another preferred embodiment of the
invention, the method further includes the step of orienting
the tube in the fluid stream such that the first opening is
positioned downstream of the fluid stream.
0023. According to another preferred embodiment of the
invention, the method further includes the step of Supporting
the tube to prevent the tube from bending.
0024. According to another preferred embodiment of the
invention, the method further includes the step of positioning
an optical measurement device in cooperation with the tube
Such that the gas entering the tube is analyzed by the optical
measurement device.
BRIEF DESCRIPTION OF THE DRAWINGS

0025. The invention may be best understood by reference
to the following description in conjunction with the accom
panying drawing figures in which:
0026 FIG. 1 shows a sampling probe according to an
embodiment of the invention installed in a duct of a boiler;

0027 FIG. 2 is a top view of the sampling probe of FIG.1;
0028 FIG. 3 is a bottom view of the sampling probe of
FIG. 1:

0029 FIG. 4 is a left side view of the sampling probe of
FIG. 1:

0030 FIG. 5 is a right side view of the sampling probe of
FIG. 1:

0031

FIG. 6 is a cross-section of the sampling probe of

FIG. 1:

0032 FIG. 7 shows the orientation of the sampling probe
of FIG. 1 with respect to flue gas flow; and
0033 FIGS. 8A-8D show flow streamlines of the flue gas
around the sampling probe of FIG. 1.
DESCRIPTION OF THE PREFERRED
EMBODIMENT AND BEST MODE

0034 Referring now specifically to the drawings, a sam
pling probe according to an embodiment of the invention is
illustrated in FIG. 1 and shown generally at reference numeral
10. The sampling probe 10 is positioned in a flue gas duct 11
of a boiler system (not shown) to allow measurement and/or
analysis of the gaseous species passing therethrough. The
sampling probe 10 extends through sidewalls 13 and 14 of the
duct 11 and is supported by stands 16 to prevent bending in
the sampling probe 10. It should be appreciated that the
sampling probe 10 may be supported by any suitable means to
prevent bending. Such as Suspending the sampling probe 10
with cable-like structures connected to slip rings 17 posi
tioned on the sampling probe 10, or welding a stand to the
sampling probe 10 at desired intervals.
0035) Referring to FIGS. 2-5, the sampling probe 10 is
preferably tubular and includes a plurality of openings or slots
formed in a wall of the sampling probe 10 at predetermined
positions. As shown in FIG. 6, two rows of slots 22 and 23 are
cut into a bottom 24 of the sampling probe 10 at about the six
o'clock position, one row of slots 27 is cut into a left side 28
of the sampling probe 10 at about a nine o'clock position, and
one row of slots 30 is cut into a right side 31 of the sampling
probe 10 at about a three o'clock position. It will be appreci
ated that the use of the terms top, bottom, left side, and right
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side are not meant to limit the shape or orientation of the
sampling probe 10, and are only used for purposes of illus
tration.

0036. As shown in FIGS. 4 and 5, the row of slots 27 and
row of slots 30 are linear, positioned on opposing sides 28 and
31 of the sampling probe 10, and are positioned such that the
slots 27 are staggered with respect to the slots 30. Each of the
slots 27 are separated by a distance equivalent to the length of
each of the slots 27, and each of the slots 30 are separated by
a distance equivalent to the length of each of the slots 30. As
shown in FIG. 3, the slots 22 and 23 are staggered along the
bottom 24 of the sampling probe 10. Each of the rows of slots
22 and 23 extend the entire length of the probe 10 as it resides
in the duct 11.

0037 Referring to FIGS. 7 and 8A-8D, the sampling
probe 10 is positioned in the duct 11 such that the sampling
probe 10 is transverse to the flow offlue gas in the duct 11, and
is oriented such that a top 34 of the sampling probe 10 is
angled toward the flow of the flue gas. As shown in FIGS.
8A-8D, the streamlines associated with the flow (from top to
bottom) are separated around the circumference of the sam
pling probe 10, creating a recirculation eddy on the bottom 24
of the sampling probe 10 due to the formation of a low
pressure Zone.

0038 Flue gas is continuously induced into an interior
volume 36 of the sampling probe 10 through the slots 22 and
23 and then passed through slots 27 and slots 30 along oppos
ing sides 28 and 31 of the sampling probe 10 back into the flue
gas flow around the sampling probe 10. The high Velocity
flow along the outside surface of the sampling probe 10, in
combination with the separated flow, creates a high Velocity
and low pressure Zone that pulls flue gas out of the sampling
probe 10. This flow offlue gas in the sampling probe 10 is then
traversed with an optical beam of a known type for measure
ment and/or analysis of gaseous species of interest.
0039 Particles, such as fly ash, in the flue gas are separated
aerodynamically, with large particles not being able to turn
180 degrees, thereby becoming separated from the gas
streamlines entering into the sampling probe 10. Since par
ticles are separated from the gas streamlines entering the
sampling probe 10, the obscuration of an optical measure
ment beam caused by particles in the measurement Volume is
minimized. This is shown in Table 1 below.
TABLE 1
Probe

Fly Ash

Path

I return

I return

I return

Used

(g/Nm)

(m)

(mW)

(%)

(%-m)

No
Yes

10.6
10.6

5
19.5

O.OO2
O.3

O.O3
3.75

O.15
73.1

0040. As shown in Table 1, the laser return power of an
optical measurement device is approximately 150 times
greater when the sampling probe 10 is used, despite the fact
that the path length is four times greater than the path length
without the sampling probe 10. Further tests across the sam
pling probe 10 demonstrated measurement capability in
excess of 64 feet with limited power attenuation.
0041. The sampling probe 10 also minimizes deflection
due to mechanical or thermal stress, thereby maintaining
optical alignments and enabling either monostatic or bistatic
measurements. The sampling probe 10 provides optical align
ment for a monostatic or bistatic arrangement of optics. It
may be used in a cross-duct configuration with optics
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mounted external to the duct, or used in a single port access
configuration with high temperature optics used to reflect an
optical beam in a monostatic arrangement.
0042. A sampling probe is described above. Various
details of the invention may be changed without departing
from its scope. Furthermore, the foregoing description of the
preferred embodiments of the invention and best mode for
practicing the invention are provided for the purpose of illus
tration only and not for the purpose of limitation.
We claim:

1. A sampling probe for analyzing a gas in a fluid stream,
comprising:
(a) a tube for being inserted into the fluid stream substan
tially perpendicular thereto to cause the fluid stream to
separate and flow around the tube:
(b) a first opening extending along a first axially extending
face of the tube downstream relative to the fluid stream

Such that a portion of the gas enters the tube through the
first opening for analysis within the tube; and
(c) a second opening extending along a second axially
extending face of the tube such that the gas that enters the
tube through the first opening exits the tube after analy
sis into the fluid stream through the second opening.
2. The sampling probe according to claim 1, and further
including a third opening extending along a third axially
extending face of the tube and aligned with the second open
ing to allow gas that enters the tube through the first opening
to exit into the fluid stream through the third opening.
3. The sampling probe according to claim 2, wherein the
third opening is positioned on the third axially extending face
in a staggered relation to the second opening on the second
axially extending face.
4. The sampling probe according to claim 1, and further
including a fourth opening extending along the first axially
extending face and Substantially parallel to the first opening to
allow gas to enter the tube.
5. The sampling probe according to claim 4, wherein the
first opening and the fourth opening are positioned on the first
axially extending face in staggered relation to each other.
6. A sampling probe for analyzing a gas in a fluid stream,
comprising:
(a) a first row of slots extending along a first axially extend
ing face of the sampling probe;
(b) a second row of slots extending along a second axially
extending face of the sampling probe and Substantially
perpendicular to the first row of slots;
(c) a third row of slots extending along a third axially
extending face of the sampling probe and Substantially
perpendicular to the first row of slots and diametrically
aligned with the second row of slots; and
(d) the first, second, and third rows of slots being posi
tioned Such that when the sampling probe is positioned
in the fluid stream, the gas strikes an axially extending
face of the sampling probe opposite the first row of slots,
causing particles in the gas to be separated from the gas
and a portion of the gas to enter the sampling probe
through the first row of slots for analysis.
7. The sampling probe according to claim 6, wherein the
second and third rows of slots are arranged to allow the gas to
exit the sampling probe and into the fluid stream.
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8. The sampling probe according to claim 6, and further
including a fourth row of slots extending along the first axi
ally extending face and substantially parallel to the first row of
slots to allow gas to enter the sampling probe.
9. The sampling probe according to claim 8, wherein the
first row of slots and fourth row of slots are staggered in
relation to each other.
10. The sampling probe according to claim 6, wherein the
second row of slots and the third row of slots are staggered in
relation to each other.
11. A gas sampling system comprising:
(a) a duct for containing a fluid stream of particle-laden
as:

(b. sampling probe positioned transverse to the fluid
stream such that the fluid stream strikes an upstream face
of the sampling probe and forms a circulation pattern
around the sampling probe, the sampling probe compris
1ng:

(i) at least one opening in a downstream face of the
sampling probe for receiving a portion of the gas into
the sampling probe; and
(ii) at least one opening positioned between the
upstream face and the downstream face for ejecting
the gas from the sampling probe;
(c) the sampling probe being arranged such that during
operation, the circulation pattern will cause a portion of
the gas to enter the sampling probe while the particles
are excluded from the sampling probe.
12. The gas sampling system according to claim 11,
wherein at least one end of the sampling probe extends
through an opening in a wall of the duct to position the
sampling probe transverse to the fluid stream.
13. The gas sampling system according to claim 11, and
further including optics mounted external to the duct to allow
an optical beam to analyze the gas entering the sampling
probe.
14. The gas sampling system according to claim 11, and
further including Supports for Supporting the sampling probe
within the duct such that deflection in the sampling probe is
minimized.

15. A methodofanalyzing a fluid stream of gas, comprising
the steps of:
(a) providing a tube having a first opening extending along
a first axially extending face and a second opening
extending along a second axially extending face;
(b) positioning the tube in the fluid stream;
(c) allowing the gas to enter the tube through the first
opening and exit the tube through the second opening;
and

(d) analyzing the gas in the tube.
16. The method according to claim 15, and further includ
ing the step of orienting the tube in the fluid stream such that
the first opening is positioned downstream of the fluid stream.
17. The method according to claim 15, and further includ
ing the step of Supporting the tube to prevent the tube from
bending.
18. The method according to claim 15, and further includ
ing the step of positioning an optical measurement device in
cooperation with the tube such that the gas entering the tube
is analyzed by the optical measurement device.
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